INTRODUCTION
The provision of good quality household drinking water is often regarded as an important means of improving health [1] . The World Health Organization (WHO) in its 2002 report recommended that increased emphasis be placed on home water treatment and storage [2] . Contaminants can be in the form of microorganism or chemicals that are hardly visible in unaided eyes. Most gradual deterioration of water quality results due to increase in human population and urbanization [3] .
water quality assessment is an integral part of safe drinking water supply.
Traditionally, the microbiological quality of drinking water is assessed by monitoring non-pathogenic bacteria of fecal origin (faecal indicator bacteria) [6] . Escherichia coli and Enterococcus spp. members are traditionally used as hygiene indicator bacteria. In the recently adopted European drinking water directive, only E. coli and Enterococcus spp. are defined as obligatory microbial parameters [7] . In addition to microbiological quality, the untreated or partially treated waste waters from the industry have potentially affecting the chemical quality of drinking water sources. Nitrate is one of the most common groundwater contaminants in rural areas. It is regulated in drinking water primarily because high levels can cause methemoglobinemia or "blue baby" disease [8, 9] .
Although there was some routine microbiological quality check conducted in tap water sources of major urban towns of Ethiopia, there was no adequate survey on assessment of both microbiological and physicochemical quality of drinking water sources in rural and urban settings. Therefore, the aim of this study was to determine the microbiological and physico-chemical quality of drinking water samples collected from the tap, spring and well sources found in urban and rural settings of North Gondar Zone.
METHODS

Study Design, Period, and Setting
A cross-sectional study was conducted from April 2014 to May 2014 in North Gondar Zone. 71 drinking water samples from seven districts (Chilga, Debark, Dabat, Dembia, Gondar Town, Gondar Zuria and Wogera) of North Gondar Zone were collected by convenient sampling technique. Water samples were collected from well, spring, and tap water sources and their physico-chemical and microbiological quality were analyzed. Data about the condition of water sources were collected using structured questionnaires from sampled water source users.
Water Sample Collection and Analysis
Water samples from different sources were collected using sterile plastic bags following the appropriate procedure. The physico-chemical quality indicators such as pH, turbidity, and temperature were analyzed using pH meter, turbidity meter, and thermometer, respectively. Residual chlorine, nitrate, nitrite, chromium, and arsenic level of the drinking water samples were determined using rapid digital pack test apparatus (Kyoritsu Chemical-Check Lab., Corp. Japan). The total coliforms (TC) and Vibrio parahemolyticus was determined using rapid test kits (Sankori coliform and Sankori V. parahaemolyticus). Laboratory tests were performed after validating the laboratory equipment's and reagents using control samples to ensure data quality.
Data Entry and Analysis
Data were entered and analyzed using SPSS version 20 software (Armonk, NY: IBM Corp.). Descriptive analysis was made for categorical variables while mean and standard deviation were calculated for continuous variables.
Ethical Consideration
Ethical clearance (Ref. R/C/S/V/P/05/283/2013) was obtained from institutional review board of the University of Gondar prior to the conduct of the study.
RESULTS
A total of 71 water samples was collected from seven districts of the zone where around 1.5 million people were living (census 2007) and analyzed for microbiological and physicochemical quality parameters. Slightly larger numbers of samples were collected from urban areas (57.7%). The majority of the samples was collected from tap water originated from surface water and wells 29 (40.9%), owned by public (52.1%) and were from treated water sources (63.4%) [ Table 1 ].
The mean turbidity of water samples was 19.35 ± 5.75 standard deviation nephelometric turbidity unit, temperature 21.34 ± 3.68°C, pH 6.88 ± 0.6, nitrate 10.02 ± 8.72 mg/l, nitrite 0.33 ± 0.64 mg/l, residual chlorine 0.01 ± 0.06 mg/l, arsenic 0.2 ± 0.00 mg/l, and chromium 0.51 ± 0.01 mg/l [ Table 2 ]. Even though almost all samples were complying with the WHO acceptable range for nitrate arsenic and chromium Table 3 ]. The majority of unacceptably high level of turbidity was observed among samples collected from tap water 12 (41.4%) [ Table 4 ].
Concerning the microbiological quality of the samples, the mean coliform and V. parahemolyticus count was 40.08 ± 50.88 and 0.86 ± 2.93 per 100 ml of water sample, respectively. Even though all water samples were collected from protected sources, all samples 15 (100%) from spring sources were found to contain coliforms and 4 (26.7%) were found to contain V. parahemolyticus [ Table 5 ]. Samples collected from rural areas, owned by public and being established recently (<10 years) have shown the highest probability of contamination (P < 0.05).
DISCUSSION
Turbidity was found to be unacceptably high in 21 (29.6%) samples. This finding is higher than a nationwide survey result in Ethiopia [10] which reported 13.1% of the total samples did not comply with the WHO "suggested" value and the national standard. This might be due to the difference in the sample collection seasons. In our case there were light showers during sample collection which may intern contribute for high turbidity level.
Almost all samples were complying with the WHO acceptable range for nitrate arsenic and chromium among the chemical parameters measured. Our finding is supported by a nationwide survey result in Ethiopia, which revealed 99.0% and 100% compliance of nitrate and arsenic respectively [10] . This might be due to the fact that there is very poor industrialization and mining in the study area. Moreover, since all samples were collected from protected water sources the possibility of entrance of nitrogen-containing compounds from the surrounding is minimal. Study from Turkey reported 11 (27.5%) of samples analyzed exceeded the EU water directive value of 50 mg/l for nitrate in drinking water [11] . This might be explained by the fact that the studies were conducted at different settings.
In this study, significant number of samples, 36.6% showed pH value of <6.5. Even though there is no health-related guideline value set by the WHO yet, it is recommended to be between 6.5 and 9.5, otherwise extreme pH values may subject the consumers for different health risks such as irritation to the eyes, skin, and mucous membranes [12] .
The majority of the samples (n = 69; 97.2%) did not comply with WHO residual chlorine recommended limit of 0.2-0.5 mg/l [13] which indicates the inefficiency of disinfection in the distribution system. As a result, this study revealed a higher count of TCs and V. parahemolyticus, which is an important cause of diarrhea.
The majority (64.8%) of the samples were found to have high TC counts. This finding was lower than a study in Bahir Dar city which reported 77.1% of samples with high TCs count [14] and a study in Nigeria which reported 100% of the water samples harbor coliforms in numbers greater than the required WHO standards for drinking water [15] . This difference might be explained by the difference in water source types involved and point of water sampling in the study.
The average count of TCs in the present study was 40.08 which was above the WHO and Ethiopian standards recommended value of 0/100 ml [16, 17] . Similarly, a Nigerian study depicted the presence of significant TC count in most of the wells [18] . Significant number of water samples (16.9%) had V. parahemolyticus. Samples collected from rural areas, owned by public and being established recently (<10 years) have shown the highest probability of contamination (P < 0.05). This could be explained by lack of water treatment facilities in rural settings. On the other hand, public-owned water facilities might not have frequent maintenance and follow-up treatment, unlike government and privately owned once.
CONCLUSIONS
In conclusion, most of the physical and chemical parameters measured were within the recommended range except turbidity, pH, and residual chlorine which were found to be unacceptably high in case of turbidity and unacceptably low in the case of pH and residual chlorine in this study. Unlike the physico-chemical parameters, the majority of the drinking water samples were found to be contaminated as it was indicated by high coliform and V. parahemolyticus counts. The water authority of the zone shall regularly monitor the quality of water and frequently treat the water being supplied to the community.
